N-Chlorination and oxidation of procainamide by myeloperoxidase: toxicological implications.
In previous studies we had shown that procainamide is metabolized to reactive metabolites by activated leukocytes, and evidence pointed to involvement of myeloperoxidase (MPO). In this study we examine the metabolism of procainamide by MPO/H2O2, in the presence and absence of chloride ion. In the absence of chloride ion, the metabolism was very similar to that seen with activated leukocytes. The major metabolite was formed by oxidation of the arylamine group to a hydroxylamine. In the presence of chloride ion, a much greater degree of metabolism occurred, and the major product (40% of the starting procainamide) was a reactive species that could not be isolated. This metabolite spontaneously rearranged to 3-chloroprocainamide, and from its mass spectrum and chemical reactions, we deduce its structure to be N-chloroprocainamide. The N-chloroprocainamide metabolite reacted very rapidly with reducing agents, such as ascorbate, and also reacted with protein such as albumin, the major product in both cases being procainamide. This metabolite also chlorinated phenylbutazone. When radiolabeled procainamide was oxidized by MPO/H2O2 in the presence of albumin, covalent binding of the radiolabel to albumin occurred, and binding was greater under conditions in which N-chloroprocainamide was formed. It is probable that the failure to observe N-chloroprocainamide, when procainamide is oxidized by activated leukocytes, is due to its rapid reaction with the cells. We propose that modification of neutrophils (or neutrophil precursors in the bone marrow) by these reactive metabolites is responsible for procainamide-induced agranulocytosis. In a similar manner, procainamide-induced lupus could be due to modification of monocytes by monocyte-generated reactive metabolites.